Circulatory death donor (DCD) kidney transplantations are steadily increasing.
| INTRODUCTION
For patients with end-stage renal failure, kidney transplantation is the therapy of choice.
Organ shortage represents the greatest bottleneck for transplantation, leading to a continuous search for possible donors. Over the past decade, the number of transplants using kidneys donated after circulatory death (DCD) have increased markedly. DCD kidneys currently constitutes 15% of kidney transplantations in the United States 1 and up to 25% in the United Kingdom. Compared to brain-dead donor (DBD) kidneys, DCD kidneys experience additional warm ischemia after treatment withdrawal and circulatory arrest of the donor that continues until cold perfusion of the organ. The increased risk of delayed graft function (DGF) [3] [4] [5] [6] and primary nonfunction (PNF) 7 is a reflection of this additional ischemic injury.
Nevertheless, several large multicenter studies have demonstrated comparable long-term graft and patient survival in DCD kidney recipients.
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Abbreviations: CI, confidence interval; DBD, donation after brain death; DCD, donation after circulatory death; DGF, delayed graft function; DWIT, donor warm ischemia time; ECD, expanded criteria donation; HR, hazard ratio; IQR, interquartile range; KDRI, kidney donor risk index; OR, odds ratio; PNF, primary nonfunction; SCD, standard criteria donation; UNOS, United Network for Organ Sharing.
Consensus reports on DCD kidney transplantation recommend limiting the time between therapy withdrawal and start of cold in situ perfusion in DCD donors to 1 hour. 10, 11 These recommendations are based on expert opinions and historical analyses, 12, 13 whereas recent studies investigating the effect of donor asystolic warm ischemia time (DWIT), defined as time from circulatory arrest until cold perfusion, failed to demonstrate an effect on graft survival.
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In a Eurotransplant cohort study, we recently demonstrated that anastomosis time-and the related warm ischemia-has a more profound effect on graft failure in DCD than in DBD kidneys. The increased susceptibility of DCD kidneys was mediated through the additive effect of anastomosis time with DWIT. 14 Here, we explore the effect of DWIT on graft survival further using Eurotransplant data, and the same definition for DWIT as used in the abovementioned studies.
| METHODS

| Study population
Eurotransplant is an international nonprofit organization that manages patient-oriented allocation and cross-border exchange of deceased donor organs to achieve the best possible match between available donor organs and patients on the transplant waiting list in 8 different There was no violation of nonproportionality of hazards of DWIT in the multivariable model. We performed interaction analyses to determine whether the effect of DWIT was modified by donor age or cold ischemia time.
| Statistical analysis
All tests were two sided, and P values of <.05 were considered significant. RStudio (R version 3.1.3, Boston, MA) was used for all statistical analyses and GraphPad Prism (version 7; GraphPad Software, San Diego, CA) for data presentation. T A B L E 1 Donor, recipient, and transplant characteristics according to type of donation
| RESULTS
| Characteristics
Compared to DBD, DCD donors were younger and were more often male. Last measured serum creatinine before procurement was lower in DCD compared to DBD donors. Stroke was the most common cause of death in both groups, although much more prevalent in DCD compared to DBD ( 
| Outcome according to type of donation
Graft survival up to 5 years after transplantation was worse in DCD kidney recipients compared to DBD kidneys recipients ( As can be appreciated from the survival curves, the difference in graft survival is more apparent early after transplantation. Indeed, the prevalence of PNF was higher in recipients of DCD versus 
| Determinants of outcome in DCD transplantation
In recipients of DCD kidneys, DWIT associated with graft failure Figure 4A ).
When categorized in three 10-minute intervals (<10, 10-19, and ≥20 minutes), the two upper categories were associated with worse graft survival compared to DWIT of less than 10 minutes (Table 4) We next evaluated whether advanced donor age or prolonged cold ischemia time might affect the susceptibility of the graft to DWIT.
Interaction effects between DWIT and donor age, and DWIT and cold ischemia time were separately investigated in the adjusted model. Both donor age and cold ischemia time were independently associated with graft survival (Table 3 ). However, the unfavorable effect of prolonged DWIT on graft survival was not influenced by older donor age (P for interaction = .31) or longer cold ischemia time (P for interaction = .32). There was also no significant interaction between the KDRI and DWIT (P = .32).
| DISCUSSION
This study using the Eurotransplant database demonstrates that recipients of DCD kidney transplants have an increased risk of graft failure early after transplantation compared to recipients of DBD transplants, thereby reducing graft survival. More specifically, the inferior outcome of DCD kidney transplants was apparent compared to standard, but not expanded, donor criteria DBD transplants. Of interest, the effect was determined by the duration of DWIT. Thus recipients of DCD kidneys with short DWIT have comparable outcome to recipients of SCD/DBD kidneys. In addition, DWIT also associated with kidney transplant survival after DCD donation. T A B L E 2 Cox proportional hazards regression model for graft failure censored at 5 years after transplantation, unadjusted and adjusted after a stepwise variable elimination approach with adjustment for transplant center as random effect
It is well known that DCD kidney transplantation is associated with poor initial graft function compared to DBD transplantation.
Postoperative dialysis is required in almost half of recipients of DCD kidneys. 9 Nevertheless, the increased risk of DGF or PNF did not translate into reduced graft survival in several cohort studies. 5, [7] [8] [9] In this study using Eurotransplant data, we observed that PNF was more prevalent among recipients of DCD kidneys compared to recipients of DBD kidneys, and therefore, graft survival was reduced at 5 years after transplantation.
Although these findings might seem conflicting, the different donor, transplant, and recipient characteristics in these studies should be addressed. as well as between donor age and DWIT in our analysis.
In addition, in the UK cohorts, cold ischemia time was shorter for DCD compared to DBD transplantation (on average 14.0 vs 16.4 hours), whereas in our study, DBD transplants had shorter cold ischemia time (13.6 vs 16.7 hours).
Furthermore, similar findings have been described in other studies: a UNOS study also described inferior outcome in DCD transplantation compared to SCD/DBD transplantation, with no difference compared to ECD DBD transplantation. 5 Moreover, a smaller study on kidneys procured in The Netherlands and subsequently transplanted in the Eurotransplant region between 1981 and 2005 described similar findings, with an increased risk of PNF, and therefore a reduced graft survival.
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Our findings do not only confirm that DCD transplants perform comparable to ECD/DBD transplants, they also suggest that when DWIT is kept short, DCD transplants have equal outcome to SCD/ DBD transplants. Indeed, the inferior outcome of DCD transplants was explained solely by the presence and duration of DWIT in our cohort, since DCD transplantation was no longer significant when DWIT was added to the model, while DWIT was. Thus DWIT mediates the inferior outcome of DCD transplants.
Although this might appear to be an intuitive finding, to the best of our knowledge, we are the first to describe an independent effect of graft survival in DCD kidney transplantation by the duration of DWIT.
In DCD donors, warm ischemia already occurs at the time of as we did to define DWIT: from the time of circulatory arrest to cold perfusion. In a large study on the UNOS dataset, DWIT did not influence outcome when dichotomized as higher or lower than 30 minutes. 5 The authors did not describe the distribution of DWIT in their cohort. In the above-mentioned study from the UK, DWIT was categorized in four 5-minute intervals from less than 10 minutes to 20 minutes or greater, and again, no effect on graft survival was observed. 3 Although cohort sizes and time spans of DWIT were comparable between the study done in the UK and our study, the above-mentioned cohort differences likely also explain why DWIT might have been more harmful in our study. In liver transplantation, for example, prolonged DWIT does reduce graft survival. 22 It is notable that DWIT in the Eurotransplant registry is comparable to these reported in other registry studies T A B L E 3 Cox proportional hazards regression model for graft failure censored at 5 years after transplantation in donation after circulatory death kidney transplantation, after a stepwise variable elimination approach with adjustment for transplant center as random effect In conclusion, asystolic donor warm ischemia time influences graft survival in DCD kidney transplantation, supporting the expert opinionbased guidelines to limit its duration. 
